The study included 917 Dutch ALS patients and 2,662 controls from the general population. Using home addresses, the researchers estimated exposures of the participants to six measures of air pollution: the nitrogen oxides NO 2 and NO x ; three measures of particulate matter (PM 2:5 , PM 10 , and PM coarse , which is the fraction of PM calculated as the concentration of PM 10 minus that of PM 2:5 ); and fine particulate matter absorption (PM 2:5absorption , a marker for black soot or carbon).
For all six measures, estimated exposures were higher for ALS patients than for controls. Similarly, for the three measures most closely associated with traffic-NO x , NO 2 , and PM 2:5absorption -individuals in the most-exposed group were more likely to have been diagnosed with ALS than those in the least-exposed group. All estimated pollutant levels fell below current European limits. 6 The size of the estimated effects of NO 2 and PM 2:5absorption was similar to or higher than what previous studies have shown for smoking, says lead author and physician Meinie Seelen, who performed the research while earning her PhD at Utrecht University. The stronger association with traffic-related particles, which are the smallest of the pollutants measured, makes biological sense, she says.
"It has been demonstrated that ultrafine particles can circumvent the blood-brain barrier," Seelen says. She explains that the tiny particles are deposited in the lining of the nose, and there is evidence that they may travel from there to the brain via the olfactory nerve. 7 Previous research has shown that this may, in turn, cause chronic brain inflammation, oxidative stress, and other outcomes that could contribute to ALS. 8, 9, 10 But there may be something else going on as well, says Jane Parkin Kullmann, a University of Sydney postgraduate researcher and toxicologist who studies behavioral and environmental factors in ALS. Traffic-related pollution often contains metals, including lead and mercury, as a result of processes such as the wearing of brakes and tires. 11 These metals are known to be toxic to the brain. 12, 13 "As far as the biological rationale, it is very different for lead or mercury versus ultrafine particles; their mode of action is different," says Kullmann, who was not involved with the present study. But ultimately, she notes, exposures to a combination of metals and fine particles-as opposed to just one pollutant or the other-could potentially play a role in ALS.
The new research adds to the results from an epidemiological study published in 2015 that investigated the relationship between air pollution and ALS occurrence.
14 That study also reported an association, though in a far smaller population of 51 patients. Evelyn Talbott, senior author of the 2015 paper and a professor of epidemiology at the University of Pittsburgh, says the new study is a landmark in the field.
"The methodology was impressive, and they certainly performed a number of different sensitivity analyses," she says. "It is a strong paper. Now that this has been done once, I am sure other people are going to look at the same thing." In addition to replicating the study among different populations, future work could use animal models to investigate potential mechanisms, says Talbott, who also was not involved with the present study.
Future research could also seek to shed light on the stillshrouded etiology of ALS by investigating not only the potential role of pollution but also critical windows of exposure, says Roel Vermeulen, a professor at Utrecht University and senior author of the new paper. "Besides replication, the more nuanced questions also still have to be answered," he says. "Is air pollution earlier in life or later in life more important? Is it a trigger, or does it accelerate? These are [aspects] that we do not know."
Some previous epidemiological studies have already linked exposure to air pollution with incidence of Parkinson and Alzheimer diseases, the two most common neurodegenerative diseases. 15, 16, 17, 18 "It is possible," suggests lead author Seelen, "that air pollution represents the first in a chain of events, although not necessarily the most important one."
